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(57) ABSTRACT

Systems and methods for augmenting recommendation algo-
rithms based on similarity between electronic content items
are provided. In one embodiment, a content management
application executed by a processor identifies at least one first
electronic content item associated with a first client. The
content management application determines that the first
electronic content item is similar to at least one second elec-
tronic content item associated with a second client. The con-
tent management application generates an association
between the first electronic content item and the second elec-
tronic content item. The association is based on the first
electronic content item and the second electronic content item
being similar to each another. The content management appli-
cation generates a recommendation output based at least par-
tially on the association between the first electronic content
item and the second electronic content item.
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AUGMENTING RECOMMENDATION
ALGORITHMS BASED ON SIMILARITY
BETWEEN ELECTRONIC CONTENT

TECHNICAL FIELD

This disclosure relates generally to computer-implemented
methods and systems and more particularly relates to aug-
menting recommendation algorithms based on similarity
between electronic content items.

BACKGROUND

Online services can augment desktop software applica-
tions used to generate, modify, or otherwise use electronic
content by, for example, recommending additional electronic
content. For example, online services may provide a virtual
community for sharing electronic content used by desktop
applications. Electronic content shared via online services,
such as cloud services, can generate data regarding clients of
the online services, electronic content posted to or modified
via the online services through respective client accounts,
electronic content provided via the online services and
browsed by respective clients, etc. An online service may use
data gathered about a client’s browsing history to recommend
additional content items that a user of a client account may be
interested in viewing. Recommendations may induce clients
to spend more time using the online service.

Prior solutions have used methods such as collaborative
filtering to make recommendations to a client. Collaborative
filtering can include making automatic predictions about the
interests of user of a client account by collecting preferences
or taste information from many clients. Prior solutions for
making recommendations have also used graph-based
approaches to make recommendations to a client based on
links between a first client and other clients classified as
“friends” of the first client.

These prior solutions rely on data that is generated using
information entered by clients, such as a client’s past use of
electronic content or a client account’s actions creating a link
to another client account (e.g., identifying another client
account as a “friend”). For example, collaborative filtering
methods rely on clients’ past use of electronic content. Prior
graph-based approaches have relied on clients to take actions
that generate links between the clients.

SUMMARY

One embodiment involves identifying at least one first
electronic content item associated with a first client account.
The embodiment further involves determining that the first
electronic content item is similar to at least one second elec-
tronic content item associated with a second client account.
The embodiment further involves generating an association
between the first electronic content item and the second elec-
tronic content item. The association is based on the first
electronic content item and the second electronic content item
being similar to each another. The embodiment further
involves generating a recommendation output based at least
partially on the association between the first electronic con-
tent item and the second electronic content item.

These illustrative embodiments are mentioned not to limit
or define the disclosure, but to provide examples to aid under-
standing thereof. Additional embodiments are discussed in
the Detailed Description, and further description is provided
there.
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2
BRIEF DESCRIPTION OF THE FIGURES

These and other features, embodiments, and advantages of
the present disclosure are better understood when the follow-
ing Detailed Description is read with reference to the accom-
panying drawings, where:

FIG. 1 is a block diagram depicting example computing
systems for implementing certain embodiments;

FIG. 2 is amodeling diagram illustrating an example graph
depicting associations among client accounts and electronic
content items provided by a content management application;

FIG. 3 is a modeling diagram illustrating determining that
electronic content items are similar to one another;

FIG. 4 is a modeling diagram illustrating an example link
between similar electronic content items that is automatically
generated by a content management application;

FIG. 5 is a modeling diagram illustrating generating a
recommendation output based on electronic content items
being similar to one another; and

FIG. 6 is a modeling diagram illustrating determining
weighted similarities between an electronic content item and
other electronic content items;

FIG. 7 is a modeling diagram illustrating example
weighted links between similar electronic content items that
are automatically generated by a content management appli-
cation;

FIG. 8 is a flow chart illustrating an example method for
generating recommendations from a graph augmented by a
similarity algorithm; and

FIG. 9 is a flow chart illustrating an additional example
method for generating recommendations from a graph aug-
mented by a similarity algorithm.

DETAILED DESCRIPTION

Computer-implemented systems and methods are dis-
closed for augmenting recommendation algorithms using
similarity between electronic content items. For example, a
recommendation application can be applied by an online
service. A first and second client account of the online service
may each have one or more images associated with the
respective client accounts. For example, each of the client
accounts may be used to post a respective image to the online
service. Hach of the images may include similar content, such
as the same object included in both images or a similar color
palette used in both images. A similarity algorithm executed
or otherwise used by the online service can generate a link
between the similar images, thereby allowing the online ser-
vice to recommend the image associated with the first client
account as content potentially of interest to a user of the
second client account, and vice versa. The recommendation
application can generate the recommendation based at least
partially on the similarity of the images, regardless of whether
the client accounts are otherwise associated in the online
service (e.g., being identified as “friends” with one another or
being associated with a common group in the online service).
The recommendation application can thus provide recom-
mendations for client accounts of online services, such as
cloud services, to further engage users in the use of the online
service.

In accordance with one embodiment, a content manage-
ment application or other application can be provided for
recommending electronic content items to client accounts
based at least partially on similarities between the electronic
content items. The content management application can
execute or otherwise use a similarity algorithm to identify at
least one first electronic content item associated with a first
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client account. The content management application can
determine that the first electronic content item is similar to at
least one second electronic content item associated with a
second client account. The content management application
can generate an association between the first electronic con-
tent item and the second electronic content item. The asso-
ciation can be based on the first electronic content item and
the second electronic content item being similar to each
another. An association between the first and second elec-
tronic content items can be represented as a link between
nodes in a social graph representing the first and second
electronic content items. A recommendation module of the
content management application can generate a recommen-
dation output based at least partially on the association
between the first electronic content item and the second elec-
tronic content item. Non-limiting examples of algorithms
used by a recommendation application for generating recom-
mendations include a random walk algorithm, a spreading
activation algorithm, etc.

As used herein, the term “electronic content” is used to
refer to any type of media that can be rendered for display or
use at a computing system or other electronic device. Elec-
tronic content can include text or multimedia files, such as
images, video, audio, or any combination thereof. Electronic
content can also include application software that is designed
to perform one or more specific tasks at a computing system.

Asused herein, the term “client account” is used to refer to
an identifier for an entity, such as an individual used by an
application and/or a device executing an application to access
an online service or other application. A client account can
also include one or more authentication credentials, such as a
password, personal identification number, a security question
and an associated answer, etc. In some embodiments, a single
client corresponding to a single client account can be associ-
ated with a single computing device. In other embodiments,
multiple clients corresponding to multiple respective
accounts can be associated with a single computing device. In
other embodiments, a single client corresponding to a single
client account can be associated with multiple computing
devices.

Asused herein, the term “recommendation” is used to refer
to an output provided to a client account that includes an
electronic content item or a reference to an electronic content
item that is provided based (at least partially) on criteria other
than the electronic content item matching search criteria pro-
vided by the client account.

As used herein, the term “link™ is used to refer to associa-
tions among client accounts of a service and items of elec-
tronic content accessible via the service. Non-limiting
examples of links between client accounts include client
accounts identified as “friends”, client accounts associated
with a common group, or other associations between client
accounts. Non-limiting examples of links between client
accounts and electronic content include electronic content
posted through a respective client account, electronic content
tagged by a respective client account (such as electronic con-
tent on which a client account has commented or which a
client account has “liked”), electronic content modified by a
respective client account, and electronic content otherwise
used or accessed by a respective client account.

In some embodiments, links can be generated explicitly.
Explicitly generating a link may include a first client account
taking an action that creates a link to a second client account
and/or electronic content associated with a second client
account, such as identifying the second client account as a
“friend.” In other embodiments, links can be generated
implicitly. Implicitly generating a link may include a first
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4

client account accessing or otherwise using electronic content
associated with a second client account, such as adding a tag
to an electronic content item provided by the second client
account to an online service.

As used herein, the term “social graph” is used to refer to a
group of electronic content items, a group of entities (such as
client accounts) associated with the electronic content items,
and a group of associations among the electronic content
items and entities.

As used herein, the term “similarity” is used to refer to
shared attributes among multiple electronic content items
having values within a specified range. Similarity algorithms
can identify similarities between different electronic content
items, such as (but not limited to) images or segments of
video, textual documents, etc. Non-limiting examples of
similarities can include images having similar color palettes,
images including the same or similar objects, images other-
wise having similar content, text documents having one or
more identical phrases, electronic content items having meta-
data values describing common geographic locations or time
periods, electronic content items having metadata values
describing similar tags, etc.

As used herein, the term “metadata” is used to refer to
information associated with (and generally but not necessar-
ily stored with) an electronic content item that describes a
feature of the electronic content item. Metadata may describe
a location or identification of electronic content. Non-limit-
ing examples of metadata for an electronic content item can
include a title, author, keywords, and the like. Metadata may
also describe a relationship between a first electronic content
item and a second electronic content item, such as how the
first and second electronic content items can be combined and
sequenced for a multimedia presentation. Metadata can also
describe when and how an electronic content item was cre-
ated, a file type and other technical information for the elec-
tronic content item, and/or access rights for the electronic
content item. In some embodiments, metadata includes data
included in the electronic content item that is not displayed by
a client application using the electronic content item.

In additional or alternative embodiments, the recommen-
dation application can automatically determine that the first
and second electronic content items are similar to one another
and automatically generate the association to create a link
between the electronic content items. Automatically generat-
ing a link can include generating a link based on one or more
events, such as the execution of a similarity algorithm, other
than events that are triggered solely by client accounts, such
as a first client account being associated with a second client
account or the first client account accessing or otherwise
using an electronic content item associated with the second
client account. Automatically determining that the first and
second electronic content items are similar to one another can
include the recommendation application executing the simi-
larity algorithm independently from input received from the
first client account or the second client account.

In additional or alternative embodiments, the recommen-
dation application can associate weights with various links
between nodes in a social graph. In some embodiments,
weights can be associated with links in a social graph based
on additional data identifying electronic content items of
potential interest to a user of a client account. For example,
preference data associated with a client account may be used
to increase the weight of a link to an electronic content item
that corresponds to the preference data. Preference data can
include, for example, geographical locations, time periods,
specific authors of electronic content, specific applications
for using electronic content items, etc. In other embodiments,
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weights can be associated with links in a social graph based
on a degree of similarity between at least one electronic
content item and each similar electronic content item. For
example, each electronic content item may be linked to mul-
tiple electronic content items, each of which has a progres-
sively smaller degree of similarity with the first electronic
content item. The respective weights of each link can
decrease in relation to decreasing degrees of similarity.

Referring now to the drawings, FIG. 1 is a block diagram
depicting exemplary computing systems for implementing
certain embodiments. The exemplary computing systems
include a server system 102 and computing systems 103a,
1035 in communication via a network 106.

The server system 102 comprises a computer-readable
medium such as a processor 104 that is communicatively
coupled to a memory 108 and that executes computer-execut-
able program instructions and/or accesses information stored
in the memory 108. The processor 104 may comprise a micro-
processor, an application-specific integrated circuit
(“ASIC”), a state machine, or other suitable processing
device. The processor 104 can include any of a number of
computer processing devices, including one. Such a proces-
sor can include or may be in communication with a computer-
readable medium storing instructions that, when executed by
the processor 104, cause the processor to perform the steps
described herein.

The server system 102 can provide access to electronic
content 114. The electronic content 114 may be resident in
any suitable computer-readable medium and execute on any
suitable processor. In one embodiment, the electronic content
114 can reside in the memory 108 at the server system 102. In
another embodiment, the electronic content 114 can be
accessed by the server system 102 from a remote location via
the network 106 and provided to the computing systems
103a, 1035.

A content management application 115 stored in the
memory 108 can configure the processor 104 to manage and
provide access to electronic content 114. The content man-
agement application 115 can configure the processor 104 to
store some or all of the electronic content 114 in the memory
108 or any other suitable computer-readable medium. The
content management application 115 may provide a social
media service, a cloud service, or other network service pro-
viding access to electronic content by multiple client
accounts. A cloud service can include a collection of comput-
ing resources, including computing systems and/or applica-
tions, that can be provided as an online service via a data
network. The collection of computing systems and/or hard-
ware can be represented as a single service. The cloud service
can provide a digital hub for browsing, creating, sharing, and
otherwise using electronic content using one or more appli-
cations provided via the cloud service.

The content management application 115 can include a
similarity module 116 and a recommendation module 117.
Although the similarity module 116 and the recommendation
module 117 are depicted in FIG. 1 and described herein as
separate logical modules of a content management applica-
tion 115 for ease of reference, other implementations are
possible. In some embodiments, the content management
application 115, similarity module 116, and/or the recom-
mendation module 117 can be separate applications that sepa-
rately executed by the processor 104. In other embodiments,
the content management application 115, similarity module
116, and/or the recommendation module 117 can be a com-
bined logical module executed by the processor 104.

The server system 102 may also comprise a number of
external or internal devices such as input or output devices.
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For example, the server system 102 is shown with an input/
output (“I/O”) interface 112. A bus 110 can also be included
in the server system 102. The bus 110 can communicatively
couple one or more components of the server system 102.

FIG. 1 also illustrates the content management application
115 comprised in the memory 108 of the server system 102.
The content management application 115 can include one or
more modules. The content management application 115 can
configure the server system 102 to modity, provide, or other-
wise use the electronic content 114 in response to input pro-
vided by the client applications 128a, 1285. The content
management application 115 can also configure the server
system 102 to allow multiple computing systems 103a, 1035
or other client systems to access or otherwise use some or all
of the electronic content 114. In some embodiments, the
content management application 115 can store data in the
memory 108 identifying client accounts via which the client
applications 1284, 1285 can access the content management
application 115. In other embodiments, the content manage-
ment application 115 can access data from a remote data
source that identifies client accounts via which the client
applications 1284, 1285 can access the content management
application 115. The content management application 115
can store data describing associations between client
accounts and items of the electronic content 114.

The server system 102 can include any suitable computing
system for hosting the content management application 115.
In one embodiment, the server system 102 may be a single
computing system. In another embodiment, the server system
102 may be a virtual server implemented using a number of
computing systems connected in a grid or cloud computing
topology.

Each of the computing systems 103a, 1035 comprises a
computer-readable medium such as processors 118a, 1185,
respectively. Each of the processors 1184, 1185 is communi-
catively coupled to a memory 120a, 1205, respectively. Each
of'the processors 118a, 1185 respectively executes computer-
executable program instructions and/or accesses information
stored in the memory 120a, 12056. Each of the processors
118a, 1185 may comprise a microprocessor, an ASIC, a state
machine, or other processor. Each of the processors 118a,
1184 can include any of a number of computer processing
devices, including one. Such a processor can include or may
be in communication with a computer-readable medium. The
computer-readable medium stores instructions that when
executed by the processor, cause the processor to perform the
steps described herein.

A computer-readable medium may comprise, but is not
limited to, electronic, optical, magnetic, or other storage
device capable of providing a processor with computer-read-
able instructions. Other examples comprise, but are not lim-
ited to, a floppy disk, CD-ROM, DVD, magnetic disk,
memory chip, ROM, RAM, an ASIC, a configured processor,
optical storage, magnetic tape or other magnetic storage, or
any other medium from which a computer processor can read
instructions. The instructions may comprise processor-spe-
cific instructions generated by a compiler and/or an inter-
preter from code written in any suitable computer-program-
ming language, including, for example, C, C++, C#, Visual
Basic, Java, Python, Perl, JavaScript, and ActionScript.

The computing systems 103a, 1035 may also comprise a
number of external or internal devices such as a mouse, a
CD-ROM, DVD, a keyboard, a display, audio speakers, one
or more microphones, or any other input or output devices.
For example, each of the computing systems 103a, 1035 is
respectively shown with input/output (“I/O”) interfaces 124a,
12454 and display devices 126a, 1265. Buses 122a, 1225 can
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be respectively included in the computing systems 103a,
1034. Each of the buses 1224, 1225 can communicatively
couple one or more components of the computing systems
103a, 1035.

FIG. 1 also illustrates the client applications 128a, 1285
respectively comprised in the memory 120a, 1205 of the
computing systems 103a, 1035. Each of the client applica-
tions 128a, 12854 can include one or more software modules.
The client applications 128a, 1285 can respectively configure
the processors 118a, 1186 to modify or otherwise access
electronic content 114 provided by the server system 102 via
the network 106. The client applications 128a, 1285 can
respectively configure the processors 118a, 1185 to respec-
tively render some or all of the electronic content 114 for
display at the display devices 1264, 1265. For example, each
of the client applications 128a, 1285 can be an internet
browser application, a social media application, and the like.
A network session for accessing or otherwise modifying the
electronic content 114 can be established by the client appli-
cations 1284, 1285 via the network 106 between computing
systems 103a, 1035 and the server system 102.

In some embodiments, the computing systems 103a, 1035
can include any suitable client devices for communicating via
a network 106 and executing the client applications 128a,
128b. Non-limiting examples of a computing device include
a desktop computer, a tablet computer, a smart phone, or any
other computing device suitable for using electronic content.
In other embodiments, the computing systems 103a, 1035
can include server systems for providing electronic content
items via the client applications 1284, 1285

FIG. 2 is a modeling diagram illustrating an example graph
202 depicting associations among client accounts 204a-c and
electronic content items 208e-f provided by a content man-
agement application 115.

Content management application 115 can access data
describing associations between different client accounts and
between client accounts and content items. In a non-limiting
example depicted in FIG. 2, an item table 200 describe rela-
tionships between client accounts 204a-c and content items
208a-e. The client accounts 204a-c can be associated with
computing devices, such as the computing systems 103a,
1034, configured to access the content management applica-
tion 115 via applications such as client applications 128a,
128b. The “owner” relationships among content items and
client accounts can identify which client accounts have
posted or can modify which content items. The “user” rela-
tionships among content items and client accounts can iden-
tify which client accounts have accessed or otherwise used
which content items that are “owned” by other client
accounts. FIG. 2 also depicts a client table 200 describing
associations between client accounts. For example, client
account 2045 is associated with client account 204¢.

The item table 200 and client table 201 can be used to
generate the graph 202. The graph 202 can include multiple
nodes and links between the nodes. Each of the nodes can
correspond to one of the client accounts 204a-c and/or one of
the electronic content items 208a-f. For example, the graph
202 can include client nodes 203a-c and content nodes 205a-
e. The client nodes 203a-c can respectively represent the
client accounts 204a-c. The content nodes 205a-¢ can respec-
tively represent the content items 208a-e.

In additional or alternative embodiments, the graph 202
can also include nodes corresponding to metadata associated
with one or more of the electronic content items 208a-f. A
non-limiting example of metadata associated with an elec-
tronic content item is a tag assigned to the electronic content
item.
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Associations or other relationships between nodes of the
graph 202 can be identified by the links 210a-f, 212, 214.
Links can also be referred to as “edges” of a graph. The links
210a-f, 212, 214 can be generated based on the associations
between different client accounts depicted in client table 201
and between client accounts and content items depicted in
item table 200.

In some embodiments, links between the nodes of the
graph 202 can be generated explicitly. One example of an
explicit link is a link between a client and electronic content
provided by the client to the content management application
115. For example, electronic content items 208a, 2085 can be
posted to an online service provided by the content manage-
ment application 115 by a client account 204a. The links
210a, 2105 can thus be explicit links between the client
account 204a and the electronic content items 208a, 2085.
Electronic content items 208c, 2084 can be posted to the
online service through a client account 2045. The links 210c¢,
210d can thus be explicit links between the client account
2045 and the electronic content items 208¢, 2084. Electronic
content items 208e, 208/ can be posted to the online service
through a client account 204¢. The links 210a, 2105 can thus
be explicit links between the client account 204a and the
electronic content items 208a, 2085. Another example of an
explicit link is a link between a first client and a second client.
For example, a link 214 between a first client account 2045
and a second client account 204¢ can identify that the client
accounts 2045, 204c¢ are identified as “friends” in an online
service provided by the content management application 115.
A link 214 between a first client account 2045 and a second
client account 204¢ can additionally or alternatively identify
that the client accounts 204b, 204¢ are associated with a
common group of clients for an online service provided by the
content management application 115.

In other embodiments, links between the nodes of the
graph 202 can be generated implicitly. One example of an
implicit link is a link between a client and electronic content
accessed or otherwise used by the client. For example, a first
client account 204¢ may modify or otherwise use an elec-
tronic content item 208¢ provided by a second client account
2045b. The link 212 between the client account 204a and the
electronic content item 208c can identify that the first client
account 204a has modified or otherwise used the electronic
content item 208¢ provided by the second client account
2045.

A recommendation algorithm applied to the graph 202 can
generate recommendations to the client accounts 204a-c.
Recommendations can identify electronic content items that
are potentially of interest to users of particular client
accounts. For example, a recommendation algorithm may
determine that the electronic content items 208e is potentially
of interest to the client account 2044 based on the link 212
between the client account 2044 and the electronic content
item 208c, the link 210c¢ between the electronic content item
208c¢ and the client account 20454, the link 214 between the
client account 2045 and the client account 204¢, and the link
210e between the client account 204¢ and the electronic con-
tent item 208e. Thus, a recommendation algorithm applied to
the graph 202 based on explicit links and implicit links may
require traversing each of the intermediate links between the
client account 204q and the electronic content item 208e.

Although FIG. 2 depicts a graph 202 having only nine
nodes and eight links, a graph may include any number of
nodes and links, such as hundreds or thousands of nodes and
links. Increasing the number of links between nodes can
increase the computational complexity of providing a recom-
mendation and can decrease the probability of recommending
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a given electronic content item to a client. For example, a first
electronic content item may be associated with a first client
and similar to a second electronic content item. The similarity
of the first and second content items may indicate that the
second electronic content item is potentially interesting to the
first client. If the second electronic content item is separated
from the first client by a large number of links, a recommen-
dation algorithm may not recommend the second electronic
content item to the first client despite the similarity of the first
and second electronic content items. In another example, a
first electronic content item may be associated with a first
client and similar to a second electronic content item associ-
ated with a second client and similar to the first electronic
content item. If no link or set of links in a social graph exists
between the first client and the second client or second con-
tent item, a recommendation algorithm may determine that
the second electronic content item is not to be recommended
to the first client.

FIG. 3 is a modeling diagram illustrating determining that
electronic content items 208a, 208e are similar to one
another. The content management application 115 can pro-
vide the content items 208a-e of electronic content 114 to the
similarity module 116. The similarity module 116 can
execute a similarity algorithm 302 to determine which of the
content items 208a-e are similar to one another.

The similarity module 116 can automatically generate
additional links between nodes in a social graph using a
similarity algorithm. For example, an electronic content item
208a may be an image depicting a bottle of soda having a
brand label and an electronic content item 208e may be a
different image depicting a bottle of soda having the same
brand label and using the same or similar lighting as the
electronic content item 208a. A similarity algorithm can rec-
ognize similarities in the shape of the bottle, the color palette
of the brand label, and/or the lighting. The content manage-
ment application 115 automatically generates a link 402
between the electronic content items 208a, 208¢ based on the
similarity algorithm executed by the similarity module 116
determining that the images are similar to one another.

Automatically generating a link 402 directly between the
electronic content items 208a, 208¢ can reduce the number of
intermediate links between a client account 204a and the
electronic content item 208e traversed by a recommendation
algorithm. A recommendation algorithm of the recommen-
dation module 117 is thereby more likely to return the elec-
tronic content item 208e as a recommendation to the client
account 204a.

In the non-limiting example depicted in FIG. 3, the content
items 208a-e can be images. In some embodiments, the simi-
larity algorithm 302 can compare values for certain colors in
the images to determine which of the items 208a-¢ are similar
to one another. In other embodiments, the similarity algo-
rithm 302 can compare values representative of color palettes
for the images to determine which of the items 208a-¢ are
similar to one another. For example, the content item 208a
can have a value for the color blue that is 5. The “blue” value
can be an average value of the different values of blue for the
various pixels in each image. The similarity algorithm can
compare the “blue” values for the content items 2085-f to
determine which of the content items 2086-f has a “blue”
value that is closest to the “blue” value of 5. Content item
2085 can have a “blue” value of 1, such that the similarity
comparison yields 5-4=1. Content item 208¢ can have a
“blue” value of 2, such that the similarity comparison yields
5-2=3. Content item 2084 can have a “blue” value of 1, such
that the similarity comparison yields 5-2=4. Content item
208e can have a “blue” value of 6, such that the similarity
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comparison yields 5-6=-1, or amagnitude of 1. Content item
208/ can have a “blue” value of 3, such that the similarity
comparison yields 5-3=2.

The similarity result 304 can be determined based on
which similarity comparison shows the smallest difference
between “blue” values. As depicted in FIG. 3, the similarity
result 304 reflects that the “blue” values for content items
2084, 208¢ have the smallest difference, and are therefore the
most similar.

Although FIG. 3 depicts a similarity algorithm comparing
a single color value for images, any suitable similarity algo-
rithm can be used to determine similarities between any num-
ber of values for any type of electronic content items.

A similarity algorithm can be any suitable algorithm for
identifying one or more attributes that are shared by multiple
electronic content items and that have values within a speci-
fied range. For example, the similarity algorithm can analyze
attributes of electronic content items and generate a vector
having values describing the attribute. In some embodiments,
the similarity algorithm can determine that two electronic
content items are similar based on the respective vectors
having values describing the same attribute and being within
acertain range of values. In other embodiments, the similarity
algorithm can determine that two electronic content items are
similar based on each of the vectors having a respective value
representative of the respective vector that are within a speci-
fied range. A non-limiting examples of a representative values
for a vector is a statistic computed using the values in the
vector.

In another non-limiting example, a similarity algorithm
may identify that the color palettes of two images are similar.
A color palette can include a given, finite set of colors used in
an image. The similarity algorithm can analyze each pixel of
each of the images to determine a list of all of the colors used
inthe images. The similarity algorithm can also determine the
number of pixels using each color. The similarity algorithm
can determine that the two images are similar to one another
based at least in part on the two images having similar num-
bers of pixels of the same color. The similarity algorithm can
determine that an image including a majority of pixels that are
red and a minority of pixels that are blue is similar to a second
image including a majority of pixels that are red and a minor-
ity of pixels that are blue. The similarity algorithm can also
determine that the image is different from a third image
including a majority of pixels that are green.

The similarity result 304 generated by applying the simi-
larity algorithm 302 can be used to add links between similar
content items on the graph 202, and thereby increase the
probability that a recommendation algorithm will recom-
mend an electronic content item to a client, regardless of the
number of (or absence of) intermediate links between the
electronic content item and the client. FIG. 4 is a modeling
diagram illustrating an example link 402 between similar
electronic content items 208a, 208¢ that is automatically
generated by a content management application 115 based on
the similarity result 304 generated by the similarity module
116.

FIG. 5 is a modeling diagram illustrating generating a
recommendation output 504 based on electronic content
items 208a, 208¢ being similar to one another. The content
management application 115 can provide the graph 202 to the
recommendation module 117. The recommendation module
117 can execute a recommendation algorithm 502 that can
use as at least one input the link 402, which is generated
between content items 208a, 208¢ based on their similarity to
one another. The recommendation algorithm 502 can deter-
mine that the client account 204a may be interested in the
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content item 208e based on the link 402 between the content
items 208a, 208¢ and the link 210a between the content item
208a and the client account 204a. The recommendation algo-
rithm 502 can generate a recommendation output 504 indi-
cating that content item 208e is to be recommended to client
account 204a.

Although FIG. 4 depicts a single link 402 between two
electronic content items 208a, 208¢, any number of links can
be automatically generated between electronic content items
based on applying a similarity algorithm to the graph 202.

In some embodiments, the similarity module 116 can be
configured to add links only between electronic content items
having a threshold level of similarity. In other embodiments,
the similarity module 116 can be configured to add links only
between a first electronic content item and a predetermined
number of electronic content items that are the most similar to
the first electronic content item. For example, a similarity
module 116 may add links only between a first electronic
content item and the three most similar electronic content
items. The similarity module 116 can be executed periodi-
cally to update the links between similar items of electronic
content. Thus, if a newly added electronic content item is
more similar to the first electronic content item than any of the
three linked electronic content items, a new link to the newly
added electronic content item can be created and the link to
the least similar of the three previously linked electronic
content items can be deleted. In other embodiments, the simi-
larity module 116 can generate a sufficient number of links to
provide a minimal spanning tree connecting all of the nodes
of the graph 202 using the minimum number of links auto-
matically generated by the recommendation algorithm.

For example, FIG. 6 is a modeling diagram illustrating
determining weighted similarities between an electronic con-
tent item 208a and other electronic content items 208e, 208f.
The content management application 115 can provide the
content items 208a-e of electronic content 114 to the similar-
ity module 116. The similarity module 116 can execute a
similarity algorithm 602 to determine multiple content items
that are similar to content item 208a.

In the non-limiting example depicted in FIG. 6, the content
items 208a-¢ can be images. The similarity algorithm 302 can
compare values for certain colors in the images to determine
which of the items 208a-e are similar to one another. For
example, the content item 208a can have a value for the color
blue that is 5. The similarity algorithm can compare the
“blue” values for the content items 2085-fto determine which
of'the content items 2085-fhas a “blue” value that is closest to
the “blue” value of 5. Content item 2085 can have a blue value
of 1, such that the similarity comparison yields 5-4=1. Con-
tent item 208¢ can have a blue value of 2, such that the
similarity comparison yields 5-2=3. Content item 208d can
have a blue value of 1, such that the similarity comparison
yields 5-2=4. Content item 208¢ can have a blue value of 6,
such that the similarity comparison yields 5-6=-1, or a mag-
nitude of 1. Content item 208 can have a blue value of 3, such
that the similarity comparison yields 5-3=2.

The similarity result 604 can be determined based on
which two similarity comparisons shows the smallest differ-
ences between blue values. As depicted in FIG. 6, the simi-
larity result 304 reflects that the blue values for content items
208a, 208¢ have the smallest difference and the blue values
for content items 208a, 208/ have the second smallest differ-
ence, and are therefore the most similar. A weight of 1 can
represent the most similar content item 208e. A weight of 2
can represent the second most similar content item 2087,

The similarity result 304 generated by applying the simi-
larity algorithm 602 can be used to links content item 208«
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and the two most similar content items 208e, 208/. FIG. 7 is a
modeling diagram illustrating example weighted links
between similar electronic content items. The content man-
agement application 115 can generate a link 7024 having a
weight of 1 based on the content item 208¢ being the most
similar to the content item 208a. The content management
application 115 can generate a link 7025 having a weight of 2
based on the content item 208/ being the most similar to the
content item 208a. Although FIG. 7 depicts two links 402
between electronic content item 2084 and electronic content
items 208e, 208/, any number of links can be automatically
generated between electronic content items based on apply-
ing a similarity algorithm to the graph 202.

The content management application 115 can be executed
atthe server system 102 by the processor 104 to automatically
generate links between similar electronic content items in the
graph 202 and generate recommendations based on the simi-
larity of electronic content items. FI1G. 8 is a flow chart illus-
trating an example method 800 for generating recommenda-
tions from a graph 202 augmented by a similarity algorithm.
For illustrative purposes, the method 800 is described with
reference to the system implementations depicted in FIG. 1.
Other implementations, however, are possible.

The method 800 involves identifying at least one first elec-
tronic content item associated with a first client, as shown in
block 810. The processor 104 of the server system 102 can
execute the content management application 115 to identify
the first electronic content item. For example, the content
management application 115 can identify that the content
item 208a is associated with the client account 204a. In some
embodiments, associations between the clients and the
respective electronic content items are explicit associations.
In other embodiments, associations between the clients and
the electronic content items are implicit associations.

The method 800 further involves determining that the at
least one first electronic content item is similar to at least one
second electronic content item associated with a second cli-
ent, as shown in block 820. The processor 104 of the server
system 102 can execute the similarity module 116 of the
content management application 115 to determine that the
first electronic content item is similar to a second electronic
content item associated with a second client. For example, the
similarity module 116 can determine that the content item
208a is similar to the content item 208e associated with the
client account 204c.

In some embodiments, the similarity module 116 auto-
matically determines that the electronic content items 208a,
208¢ are similar to each other independently from any input
received from the first client account 204a or the second client
account 204¢. Automatically determining that electronic con-
tent items 208a, 208e are similar can include the processor
104 of the server system 102 executing the similarity module
116 without any input from a computing system 103a asso-
ciated with the first client account 204a or from a computing
system 1034 associated with the second client account 204¢.
Automatically determining that electronic content items
208a, 208e¢ are similar can additionally or alternative include
the processor 104 of the server system 102 executing the
similarity module 116 in response to events other than input
from a computing system 103a associated with the first client
account 204a or from a computing system 1035 associated
with the second client account 204c.

In additional or alternative embodiment, the similarity
module 116 determines that the electronic content items
208a, 208¢ are similar based on shared attributes among the
electronic content items 208a, 208¢ having values within a
specified range. The similarity module 116 can determine that
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the first electronic content item and the second electronic
content item include at least one shared attribute. The simi-
larity module 116 can determine that each of the first elec-
tronic content item and the second electronic content item has
at least one respective value for the at least one shared
attribute within a specified range.

In one example, electronic content items 208a, 208¢ may
be images having a shared attribute such as a color palette.
The similarity module 116 can determine that the color pal-
ette for each image includes, for example, at least a given
number of pixels for one or more given colors. The similarity
module 116 can determine that the images are similar to one
another based on the color palette for each image including
the given number of pixels for the one or more given colors.

In another example, electronic content items 208a, 208¢
may be text files having a shared attribute such as a text string
or a group of text strings. The similarity module 116 can
determine that each text file includes, for example, a threshold
amount of matching text. The similarity module 116 can
determine that the text files are similar to one another based
on the files including the threshold amount of matching text.

In another example, electronic content items 208a, 208¢
may be different types of electronic content having a shared
metadata attribute such as an author, an associated geographi-
cal location, an associated time period, etc. The similarity
module 116 can analyze metadata associated with each of the
electronic content items 208a, 208e to determine that both of
electronic content items 208a, 208¢ have the same metadata
attribute and that the metadata attribute has the same value.

The method 800 further involves generating an association
between the first electronic content item and the second elec-
tronic content item based on determining that the first elec-
tronic content item and the second electronic content item are
similar to each another, as shown in block 830. The processor
104 can execute the similarity module 116 to generate the
association between electronic content items. For example,
the similarity module 116 can generate a link 402 in the graph
202 between the content item 2084 and the content item 208e.

The method 800 further involves generating a recommen-
dation output based at least partially on the association
between the first electronic content item and the second elec-
tronic content item, as shown in block 840. The processor 104
can execute the recommendation module 117 to generate the
recommendation output. The recommendation module 117
can execute a recommendation algorithm using at least part of
the graph 202 as an input and generating a recommendation as
an output.

A non-limiting example of a recommendation algorithm is
arandom walk algorithm. The random walk algorithm can be
executed for every node in a social graph for which a recom-
mendation is desirable. Each node can have a respective num-
ber of links from the node to other nodes. For example, for a
given starting node having ten links, the probability of select-
ing one of those links to traverse the graph is ten percent. As
the graph is traversed starting from the starting node, a num-
ber of visited nodes can be encountered. Each time a visited
node in the graph is encountered, a counter can be incre-
mented. For example, a visited node can be visited four times
and the counter can be incremented each time to reflect a total
of four visits. The number of times a visited node is visited
can depend on how far the starting node is from the visited
node. In addition, a certainly probability exists that the tra-
versal of the graph is ended and the algorithm returns to the
starting node to start traversing the graph again from the
starting node. Thus, for a graph having one thousand nodes in
which a given node is visited one hundred times, the prob-
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ability of visiting the given node is ten percent. Nodes having
a higher probability can be selected as providing a higher
quality recommendation.

In some embodiments, the content management applica-
tion 115 can represent clients and electronic content items
using an adjacency matrix. An adjacency matrix represents
which nodes of a graph are adjacent to which other node. For
example, an adjacency matrix of a graph having n nodes can
be an nxn matrix. A non-diagonal entry can identify the
number of links from a node i to a node j. The entry can also
identify a weight of the links between nodes. For example, a
zero value for a link can indicate that a link does not existand
therefore that a zero percent probability exists of traversing
the graph using the non-existent link. An entry of 0.1 between
a first and second node can indicate a ten percent probability
of traversing the graph using the link. A recommendation
algorithm can apply a matrix computation to the adjacency
matrix to identify the probability of visiting a given node
when the graph is traversed from a given starting node. Apply-
ing a recommendation algorithm of the recommendation
module 117 to the adjacency matrix can generate additional
links for the adjacency matrix, thereby increasing the prob-
ability of visiting a given node when the graph is traversed
from a given starting node.

In additional or alternative embodiments, specific types of
nodes can be filtered from the recommendation algorithm.
For example, a graph can have nodes for both text and images.
A recommendation algorithm for selecting a recommended
image can ignore text nodes.

In additional or alternative embodiments, links in a graph
can be weighted, as depicted in FIG. 7. For example, a starting
node can have ten links. Two of those links can be weighted as
having a higher probability of leading to another node repre-
senting a higher quality recommendation. In some embodi-
ments, the weighting can be based on preference data identi-
fying content preferences of a client. Non-limiting examples
of preference data can include a geographical location asso-
ciated with electronic content items, a time period associated
with electronic content items, an author of electronic content
items, an application for using electronic content items. In
other embodiments, the weighting can be based on a degree of
similarity between two electronic content items.

In additional or alternative embodiments, the recommen-
dation output can augment search results returned in response
to a query. For example, a content management application
115 can provide a graph 202 including only the electronic
content items corresponding to one or more search criteria
and the electronic content items associated with a client from
which the search criteria originated. A recommendation algo-
rithm of the recommendation module 117 can be applied to
the graph 202 to determine which of the electronic content
items corresponding to one or more search criteria are similar
to the electronic content items associated with the client. The
recommendation output can identify which of the search
results are most likely to be of interest to the client initiating
the search.

Although the example method 800 is described with
respect to two electronic content items and two client
accounts, the similarity module 116 and recommendation
module 117 may be executed using any number of electronic
items and client accounts. For example, the similarity module
116 can generate at least one similarity link for each content
item in the graph 202 in order to achieve a spanning tree. The
recommendation module 117 can, for each client account,
generate a list of recommended content items, based in part
on the similarity links and in part on all other links in the
graph.
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FIG. 9 is a flow chart illustrating an example method 900
for generating recommendations from a graph 202 aug-
mented by a similarity algorithm. For illustrative purposes,
the method 900 is described with reference to the system
implementations depicted in FIG. 1. Other implementations,
however, are possible.

The method 900 involves generating a social graph 202
include client nodes 203a-c¢ representing client accounts
204a-c, content nodes 205a-f representing electronic content
items 208a-f, and links among client nodes 203a-c and con-
tent nodes 2054a-f representing the associations between cli-
ent accounts 204a-¢ and electronic content items 208a-f; as
shown in block 910. The processor 104 of the server system
102 can execute the content management application 115 to
generate the graph 202.

The method 900 further involves generating a first similar-
ity vector for a first electronic content item, such as content
item 208a, and a second similarity vector for a second elec-
tronic content item, such as content item 208e, as shown in
block 920. The processor 104 of the server system 102 can
execute the content management application 115 to generate
the similarity vectors. For example, the similarity module 116
can determine that content items 208a, 208¢ are images. The
similarity module 116 can generate similarity vectors repre-
sentative of the respective color palettes for each image.

The method 900 further involves comparing the first simi-
larity vector to the second similarity vector, as shown in block
930. The processor 104 can execute the similarity module 116
to compare the similarity vectors. For example, the similarity
module 116 can compare a vector corresponding to the color
palette of an image content item 208a to a vector correspond-
ing to the color palette of an image content item 208e.

The method 900 further involves determining that a first
value representative of the first similarity vector and a second
value representative of the second similarity vector are within
a specified range, as shown in block 940. The processor 104
can execute the similarity module 116 to generate the respec-
tive representative values. For example, the similarity module
116 can determine that an average blue value for the color
palette of an image content item 2084 and an average blue
value for the color palette of an image content item 208e have
values that differ by less than 2.

The method 900 further involves generating a third link in
the social graph 202 between the first content node and the
second content node, such as the link 402, as shown in block
950. The processor 104 can execute the content management
application 115 to generate the third link. For example, the
link 702 can be generated between content nodes 2054, e, that
respectively represent the image content items 208a, 208e
based on the average blue values for the image content items
208a, 208¢ differing by less than 2.

The method 900 further involves determining a probability
associated with content node 2054 being connected to the
content node 20554 via the link 702, as shown in block 960.
The processor 104 can execute the recommendation module
117 to determine the probability. For example, the recom-
mendation module 117 can execute a recommendation algo-
rithm that is a random walk algorithm based on the links from
client node 203a. The link 702 between content nodes 2054,
205¢ can increase the probability of selecting the link 702 to
traverse the graph 202 from client node 2034 to content node
205¢ by executing the random walk algorithm.

The method 900 further involves generate a recommenda-
tion output based on the probability, as shown in block 960.
The processor 104 can execute the recommendation module
117 to generate the recommendation output based on the
probability. For example, the increased probability of select-
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ing the link 702 to traverse the graph 202 from client node
2034 to content node 205e can indicate the content item 208e
represented by the content node 205¢ is potentially interest-
ing to the client account 204a represented by the client node
203a. The recommendation module 117 can include the con-
tent item 208e in a recommendation output 504 that recom-
mends the content item 208e to the client account 204a.

Although the example method 900 is described with
respect to two electronic content items that are images and
two client accounts, the similarity module 116 and recom-
mendation module 117 may be executed using any number of
electronic items of any type and any number of client
accounts.

GENERAL CONSIDERATIONS

Numerous specific details are set forth herein to provide a
thorough understanding of the claimed subject matter. How-
ever, those skilled in the art will understand that the claimed
subject matter may be practiced without these specific details.
In other instances, methods, apparatuses, or systems that
would be known by one of ordinary skill have not been
described in detail so as not to obscure claimed subject matter.

Unless specifically stated otherwise, it is appreciated that
throughout this specification discussions utilizing terms such
as “processing,” “computing,” “calculating,” “determining,”
and “identifying” or the like refer to actions or processes of a
computing device, such as one or more computers or a similar
electronic computing device or devices, that manipulate or
transform data represented as physical electronic or magnetic
quantities within memories, registers, or other information
storage devices, transmission devices, or display devices of
the computing platform.

The system or systems discussed herein are not limited to
any particular hardware architecture or configuration. A com-
puting device can include any suitable arrangement of com-
ponents that provide a result conditioned on one or more
inputs. Suitable computing devices include multipurpose
microprocessor-based computer systems accessing stored
software that programs or configures the computing system
from a general purpose computing apparatus to a specialized
computing apparatus implementing one or more embodi-
ments of the present subject matter. Any suitable program-
ming, scripting, or other type of language or combinations of
languages may be used to implement the teachings contained
herein in software to be used in programming or configuring
a computing device.

Embodiments of the methods disclosed herein may be
performed in the operation of such computing devices. The
order of the blocks presented in the examples above can be
varied—for example, blocks can be re-ordered, combined,
and/or broken into sub-blocks. Certain blocks or processes
can be performed in parallel.

The use of “adapted to” or “configured to” herein is meant
as open and inclusive language that does not foreclose devices
adapted to or configured to perform additional tasks or steps.
Additionally, the use of “based on” is meant to be open and
inclusive, in that a process, step, calculation, or other action
“based on” one or more recited conditions or values may, in
practice, be based on additional conditions or values beyond
those recited. Headings, lists, and numbering included herein
are for ease of explanation only and are not meant to be
limiting.

While the present subject matter has been described in
detail with respect to specific embodiments thereof, it will be
appreciated that those skilled in the art, upon attaining an
understanding of the foregoing may readily produce alter-



US 9,129,296 B2

17

ations to, variations of, and equivalents to such embodiments.
Accordingly, it should be understood that the present disclo-
sure has been presented for purposes of example rather than
limitation, and does not preclude inclusion of such modifica-
tions, variations, and/or additions to the present subject mat-
ter as would be readily apparent to one of ordinary skill in the
art.

What is claimed is:
1. A method comprising:
identifying, by a processing device, at least one first elec-
tronic content item represented by a first content node in
a social graph that is linked to a first client node in the
social graph representing a first client account;

determining, by the processing device, that the least one
first electronic content item is similar to at least one
second electronic content item represented by a second
content node in the social graph that is linked to a second
client node in the social graph representing a second
client account;

generating, by the processing device, a third link in the

social graph between the first content node and the sec-
ond content node representing an association between
the least one first electronic content item and the least
one second electronic content item based on determin-
ing that the least one first electronic content item and the
least one second electronic content item are similar to
each another;

determining, by the processing device, a probability of

traversing the social graph from the first client node to
the second client node via the third link representing the
association; and

generating, by the processing device, a recommendation

output based at least partially on the probability that is
determined using the association between the least one
first electronic content item and the least one second
electronic content item.

2. The method of claim 1, further comprising:

generating the social graphs;

wherein determining that the least one first electronic con-

tent item and the least one second electronic content

item are similar to each other comprises:

generating a first similarity vector for the first electronic
content item and a second similarity vector for the
second electronic content item,

comparing the first similarity vector to the second simi-
larity vector, and

determining that a first value representative of the first
similarity vector and a second value representative of
the second similarity vector are within a specified
range.

3. The method of claim 2, further comprising assigning a
weight to the third link based on a degree of similarity
between the first similarity vector and the second similarity
vector.

4. The method of claim 3, further comprising modifying
the weight assigned to the third link based on a preference
data associated with one or more of the first clientaccount and
the second client account.

5. The method of claim 1, wherein determining that the
least one first electronic content item is similar to the least one
second electronic content item comprises:

determining that the least one first electronic content item

and the least one second electronic content item include
at least one shared attribute; and

determining that each of the least one first electronic con-

tent item and the least one second electronic content
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item has at least one respective value for the at least one
shared attribute within a specified range.
6. The method of claim 5, wherein the least one first elec-
tronic content item and the least one second electronic con-
tent item comprise image content and wherein the at least one
shared attribute comprises a color palette.
7. The method of claim 5, wherein the least one first elec-
tronic content item and the least one second electronic con-
tent item comprise text content and wherein the at least one
shared attribute comprises a text string.
8. A non-transitory computer-readable medium embody-
ing program code executable by a processing device, the
non-transitory computer-readable medium comprising:
program code for identifying at least one first electronic
content item represented by a first content node in a
social graph that is linked to a first client node in the
social graph representing a first client account;

program code for determining that the least one first elec-
tronic content item is similar to at least one second
electronic content item represented by a second content
node in the social graph that is linked to a second client
node in the social graph representing a second client
account;

program code for generating a third link in the social graph

between the first content node and the second content
node representing an association between the least one
first electronic content item and the least one second
electronic content item based on determining that the
least one first electronic content item and the least one
second electronic content item are similar to each
another;

program code for determining a probability of traversing

the social graph from the first client node to the second
client node via the third link representing the associa-
tion; and

program code for generating a recommendation output

based at least partially on the probability that is deter-
mined using the association between the least one first
electronic content item and the least one second elec-
tronic content item.

9. The non-transitory computer-readable medium of claim
8, wherein the program code for determining that the least one
first electronic content item is similar to the least one second
electronic content item comprises:

program code for determining that the least one first elec-

tronic content item and the least one second electronic
content item include at least one shared attribute; and
program code for determining that each of the least one first
electronic content item and the least one second elec-
tronic content item has at least one respective value for
the at least one shared attribute within a specified range.

10. The non-transitory computer-readable medium of
claim 9, wherein the least one first electronic content item and
the least one second electronic content item comprise image
content and wherein the at least one shared attribute com-
prises a color palette.

11. The non-transitory computer-readable medium of
claim 9, wherein the least one first electronic content item and
the least one second electronic content item comprise text
content and wherein the at least one shared attribute com-
prises a text string.

12. The non-transitory computer-readable medium of
claim 8, wherein the recommendation output comprises a
reference to at least one of the least one first electronic content
item or the least one second electronic content item, wherein
the recommendation output is provided based at least par-



US 9,129,296 B2

19

tially on criteria other than the electronic content item match-
ing search criteria provided by the first or the second client
account.

13. The non-transitory computer-readable medium of
claim 8, wherein the least one second electronic content item
comprises one or a plurality of results returned in response to
a query and wherein the recommendation output comprises
an identification of the least one second electronic content
item as a relevant search result.

14. The non-transitory computer-readable medium of
claim 8, further comprising program code for assigning a
weight to the association based on preference data associated
with the first client account.

15. The non-transitory computer-readable medium of
claim 14, wherein the preference data comprises one or more
of'a geographical location associated with the least one sec-
ond electronic content item, a time period associated with the
least one second electronic content item, an author of the least
one second electronic content item, an application for using
the least one second electronic content item.

16. The non-transitory computer-readable medium of
claim 8, further comprising program code for assigning a
weight to the association based on a degree of similarity
between the least one first electronic content item and the
least one second electronic content item.

17. A system comprising:

a processor configured to execute instructions stored in a

non-transitory computer-readable medium;

wherein the instructions comprise one or more modules

configured to perform operations comprising:

identifying at least one first electronic content item rep-
resented by a first content node in a social graph that
is linked to a first client node in the social graph
representing a first client account,

determining that the least one first electronic content
item is similar to at least one second electronic con-
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tent item represented by a second content node in the
social graph that is linked to a second client node in
the social graph representing a second client account,

generating a third link in the social graph between the
first content node and the second content node repre-
senting an association between the least one first elec-
tronic content item and the least one second electronic
content item based on determining that the least one
first electronic content item and the least one second
electronic content item are similar to each another,

determining a probability of traversing the social graph
from the first client node to the second client node via
the third link representing the association, and

generating a recommendation output based at least par-
tially on the probability that is determined using the
association between the least one first electronic con-
tent item and the least one second electronic content
item.

18. The system of claim 17, wherein the one or more
modules are further configured to automatically determine
that the least one first electronic content item and the least one
second electronic content item are similar independently
from input from a first client account computing device asso-
ciated with the first client account or a second client account
computing device associated with the second client account.

19. The system of claim 17, wherein the one or more
modules are further configured to:

generate the social graph stored in the non-transitory com-

puter-readable medium.

20. The system of claim 17, wherein the one or more
modules are further configured to assign a weight to the
association based on a degree of similarity between the least
one first electronic content item and the least one second
electronic content item.
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